INTRODUCTION
The definitive role of the basement membrane complex adjacent to epithelial cells has not been established for developing systems. Speculation based on its position and properties of permeability to molecules of various size (1, 2) has led to the idea that the basement membrane is an important factor in mediation of extrinsic cues to developing epithelial cells (3) . It is unknown whether the basement membrane must be present in order for normal cell behavior to proceed.
Embryonic chick epidermis possesses a basement membrane below its columnar, mitotically active basal cells (4) . Such epidermis can be freed from the adjacent dermis by trypsin-pancreatin treatment and cultured in vitro on Millipore filters (5, 6) . During such treatment, fixable basement membrane materials are removed (5) . When cultured in the presence of protein-free, defined chemical nutrients, the basal cells flatten and become mitotically quiescent after about 10 hr (7). In the presence of 20% by volume of chick embryo juice in the medium (6) or with dermis placed on the opposite side of the filter (5), the cells retain their normal orientation and activities. Under these conditions, the capacity of the basement membrane region to stain with the periodic acid-Schiff reagents is not regained (5) . This raised the question as to whether the basement membrane as defined ultrastructurally is present or is needed for basal orientation and mitosis to occur under these experimental conditions.
MATERIALS AND METHODS
Skin tissues were dissected from the tarso-metatarsal region of chicken embryo legs on the 1 lth day of incubation. As pointed out earlier (5), for a brief period at about 10~/~ days (stage 37--) it is possible to peel the epidermis from the dermis in such a manner that periodic acid-Schiff staining materials remain on the lower basal cell surfaces, but all dermal cells are removed. This procedure was followed, as well as separating the two tissues with 3% trypsinpancreatin solution (as in 6) so that basement membranes are removed. In the latter case, the separated epidermis was rinsed briefly in a 1 : 1 mixture of horse serum and Tyrode's solution, followed by repeated rinsing in Tyrode's. Organ culturing on Millipore filters, either transfilter to dermis or with 20% by volume of chick embryo juice (9-day, 1 : 1 dilution) present, followed earlier procedures (5-7). In most pure epidermis cultures, holes with ca. 0.1 mm diameter were punched in the filters and the tissue was stretched across these openings; in such areas, basal cells flatten and show an absence of obvious response to the embryo juice factors (6). After 24, 48, or 72 hr in vitro, cultures were rinsed in Tyrode's solution, fixed in ice-cold glutaraldehyde, and postfixed in veronal-buffered osmium tetroxide (see 8, for all details). During the dehydration procedure the tissues were stained with phosphotungstic acid. Alternatively, in a few instances, the primary fixation was done in 1% OsO4 buffered with veronalacetate at pH 7.4.
Epon-embedded material was cut into thin sections (about 1200 A) using a Porter-Blum MT-2 Ultramicrotome. The sections were stained for 30 min in a saturated solution of uranyl acetate in 50% ethyl alcohol and then in lead citrate for 5 min. Micrographs were taken using an RCA EMU-3F electron microscope.
In one experiment, 1.5% of Thorotrast (Testagar & Co., Detroit) was placed in liquid nutrient medium. Tissues were fixed after l-hr exposure to the Thorotrast, and were then handled as above.
RESULTS
The basement membrane of embryonic chick skin consists of a rather ill defined electron-opaque layer approximately 300 A thick, and is separated from the epidermal basal cell plasma membrane by a relatively more transparent area ca. 450 A thick (Figs. 1, 4 ; also references 4, 9). Some collagen fibers course back and forth immediately beneath the dense layer and extend into dermal intercellular spaces.
Treatment with trypsin-pancreatin not only removes dermal cells and periodic acid-Schiff stainability from the lower surface of the basal cells (5) 
across the open spaces between the filter parts. Absence of extracellular material analogous to basement membrane is also demonstrated by application of Thorotrast to the cultures. The electron-opaque particles permeate the filter spaces and are seen immediately external to the lower basal cell plasma membrane (Fig. 6) and, less frequently, between the lateral surfaces of the epidermal cells.
No differences were noted in the results when dermis was used transfilter as opposed to embryo juice. During up to 72 hr, no observable materials accumulate near the epidermal cells, which, on developmental grounds, are responding to the mesenchyme or embryo juice by remaining columnar and mitotically active. In the same cultures, a large hole can be placed in the filter and epidermis stretched across it (6) . Cells over the hole are unable to respond to embryo juice--they flattened and ceased dividing--presumably because they lack an acceptable substrate. The lower surface of such cells shows numerous projections, accumulation of extracellular material (Fig. 7) , as well as proximity of Thorotrast to the plasma membrane. A typical basement membrane does not appear there, either.
A striking feature of the oriented columnar basal cells is the presence of a thick (ca. 2800 A) skein of filaments paralleling the lower surface immediately inside the plasma membrane (Figs. 3, 5) . In favorable cases, these filaments (ca. 110 A diam-FIGURE 1 Epidermal basal cells that had been stripped from the dermis by careful dissection, and then placed on a Millipore filter prior to incubation for 6 hr. The basement membrane complex is in place on the lower surface of these cells and is indistinguishable from basement membrane in ovo. X 5,540. FIGURE ~ Similar tissue that was freed from dermis by trypsin-pancreatin treatment and then incubated for 48 hr in the presence of 20% embryo juice. Despite the absence of fixable basement membrane materials, the cells have retained their columnar orientation, and, as judged by thymidine-H 3 incorporation studies (6) , are mitotically active. X 5,880. FIGURE 3 A higher magnification of oriented basal cells. The lower surface of the cells stretches between points of contact with filter matrix (arrows), and little extracellular material is seen adjacent to the plasma membrane. Occasional cross-sections of cell processes and some unidentified materials are seen in the filter spaces. Fine filamentous material (F) parallels the lower basal cell surface just inside the plasma membrane. Note that such filaments extend to the dcsmosomes (D) located at the lowermost lateral cell boundaries. )< 11,500. eter) can be traced to the attachment plaques of desmosomes located between basal cells. Similar bundles of filaments are seen only rarely in the flattened cells over holes punched in the filters (Figs. 6, 7) .
DISCUSSION
These observations establish that a basement membrane complex is not a prerequisite for certain common types of epidermal cell activity. Absence of fixable materials that can be seen with the electron microscope, and presence of Thorotrast particles directly against the basal cell plasma membrane imply that the normal basement membrane is not needed, under the experimental conditions, for cells to retain columnar orientation or division activity. Whether, in some sense, the filter itself acts as a limiting or specialized micro-environment is open to speculation--it certainly does not seem to act as a permeability barrier to large (Thorotrast; collagen precursors 10, ll) or small (10, 1 l; F. Kallman and C. Grobstein, in preparation) molecules. This does not mean, of course, that basement membrane in vivo is not important in mediation of epitheliomesenchymal exchange.
It is noteworthy that the epithelial cells do not deposit fixable extracellular materials in the filter, despite the fact that analogous cells have been implicated as sources of the proteinaceous or the polysaccharide components of the basement membrane region (10, 12, 13; Kallman and Grobstein, in preparation).
The functional role of the tonofilament bundles at the lower basal cell surface demands further investigation, particularly since such cells can be caused to flatten and then reassume their columnar shape (7) . It could well be that such tonofilaments play a key role in maintaining the columnar shape, perhaps by some undefined contractile process (see 14, 15 for analogous observations).
SUMMARY
Under specified experimental conditions, embryonic chick epidermal cells remain oriented in columnar form and mitotically active despite absence of observable basement membrane components on their lower surfaces. The oriented ceils contain bundles of tonofilaments located inside of, and parallel to the lower plasma membrane.
